Summary The goal of this multinational, prospective, observational study was to examine the relationship between gastrointestinal (GI) events and self-reported levels of medication adherence and persistence in postmenopausal women. A total of 73.9% of patients remained on their osteoporosis (OP) therapy at month 12, although the presence of a GI event at baseline, month 3, and month 6 significantly reduced month 12 persistence among new users. The odds of a month-12 ADEOS score ≥ 20 were significantly lower among patients who experienced a GI event between baseline and month 6. The occurrence of GI events was observed to be associated with a lower likelihood of patient adherence and persistence to OP medication.
Introduction This study examines the relationship between gastrointestinal (GI) events and self-reported adherence and persistence with initial osteoporosis (OP) therapy over the course of the first 12 months of treatment. Methods The Medication Use Patterns, Treatment Satisfaction, and Inadequate Control of Osteoporosis Study was a multinational, prospective, observational study examining the impact of GI events on OP management in postmenopausal women. Information regarding GI events was collected at the time of enrollment and at months 3, 6 , and 12 of follow-up. Patients reported GI events and medication persistence and completed the 12-item Adherence Evaluation of Osteoporosis treatment (ADEOS) questionnaire. Multivariate logistic and general linear models examined the association between GI events at various time points and persistence and adherence at month 12.
Results The study enrolled 2943 women; 22.8% were classified as new users of OP therapy and the remainder were considered experienced users. Across all patients, 68.1% reported GI events at baseline; by month 12, over 80% of subjects who completed follow-up reported at least one GI problem. The majority of patients (86.7%) were treated only with bisphosphonates at baseline. At month 12, 73.9% of patients remained on therapy; logistic regression revealed that those with GI problems by month 6 were significantly less likely to persist with treatment, after adjusting for other factors. The odds of a month 12 ADEOS score ≥ 20 (considered predictive of adherence) were significantly lower among patients who experienced a GI event between baseline and month 6. Conclusions The occurrence of GI events was associated with a lower likelihood of patient adherence to and persistence with OP medication.
Introduction
Among women, accelerated bone loss during the period postmenopause increases the risk of osteoporosis (OP)-related fractures [1] . In the EU alone, an estimated 2.3 million women experienced an incident fracture in 2010 and the number is projected to rise by 25% by 2025 [2] . Several treatments with demonstrated antifracture efficacy have been developed over the last two decades. However, poor levels of treatment persistence (continuation of therapy), adherence (filling prescriptions on time), and compliance (taking medications as prescribed) in clinical practice pose significant challenges to effective fracture risk reduction strategies [3] [4] [5] . Among patients initiating OP treatment, typically only 20-60% are persistent with treatment in the first year of therapy, and the rate declines in subsequent years [6] [7] [8] [9] [10] [11] [12] . Similarly, adherence to and compliance with therapy is suboptimal; approximately 40-60% of patients are adherent to treatment in the first year [13] [14] [15] .
Several factors have been linked to poor compliance with and adherence/persistence with OP therapy. Dissatisfaction with treatment and the patient experience with or fear of treatment of side effects may influence some patients to transition to other medications or discontinue therapy [16] [17] [18] . There is also a growing body of evidence suggesting a relationship between gastrointestinal (GI) events and a lack of consistent and persistent use of OP therapy. GI events that occur prior to and while on treatment have been linked with early treatment discontinuation and worse adherence [9, [19] [20] [21] [22] .
The Medication Use Patterns, Treatment Satisfaction, and Inadequate Control of Osteoporosis Study (MUSIC-OS) is an observational study of postmenopausal women diagnosed with OP in the EU and Canada. Nearly 70% of participants on or initiating OP treatment reported GI events within 6 months prior to study entry [23] . GI events that occurred during the baseline period were associated with lower treatment satisfaction and adherence among experienced users and lower health-related quality of life (HRQoL) among both new and experienced users. The current analysis sought to examine the relationship between GI events and subjects' self-reported levels of medication adherence/compliance to and persistence with initial therapy over the course of the first 12 months of the MUSIC-OS study.
Methods

Study design and subjects
The design of the MUSIC-OS and the characteristics of the patients enrolled have been previously described [24] . In general, MUSIC-OS investigators recruited sequential postmenopausal women aged 55 and older with a physician diagnosis of OP from 96 health clinics representing both primary care (n = 56) and specialty clinics (n = 40) in the EU and Canada. In Sweden and Italy, participating centers were primarily specialty clinics; while in France, the UK, and Canada, they were principally primary care practices. A total of 3335 participants were enrolled between March 2012 and June 2013, and 2980 were protocol-eligible patients and currently receiving or initiating oral pharmacologic OP treatment. For this study, oral pharmacologic OP treatment included bisphosphonates (BIS) (alendronate, risedronate, ibandronate), strontium ranelate, selective estrogen receptor modulators (SERMs [e.g., raloxifene]), and bazedoxifene. Six patients additionally received calcitonin. Calcium, vitamin D, and estrogen and other hormone replacement therapies were not considered pharmacologic treatments. The study was performed in accordance with the Declaration of Helsinki and either the local ethics board or a central institutional review board. All participants provided written informed consent prior to enrollment.
The study contained two cohorts of participants defined by treatment status. New users were defined as subjects who initiated oral pharmacologic therapy at enrollment or who were receiving oral pharmacological therapy for less than 3 months prior to enrollment with no previous history of any OP pharmacological therapy. Subjects receiving the same oral pharmacological therapy for at least 3 months continuously prior to enrollment and at the time of enrollment were considered to be experienced users. Additionally, each cohort was further categorized by the presence or absence of participantreported GI events at baseline, month 3, month 6, and month 12. Patients reported their GI problems using a specified list of events that were categorized as upper GI (heartburn/acid reflux, upset stomach/indigestion, nausea/vomiting, pain behind the breastbone, pain or difficulty swallowing, stomach pain above the navel) or lower GI (diarrhea or constipation, stomach pain below the navel, bloating).
Measures
Baseline information was captured at the enrollment visit. Data for months 3, 6, and 12 were collected by a hard copy questionnaire that was mailed to participants. GI events during baseline were identified as those that occurred during the 6-month period prior to enrollment. Month 3 GI events encompassed those that occurred through the first 3 months of the study, while month 6 GI events were captured after month 3 through month 6, and month 12 GI events were captured after month 6 through month 12.
Persistence was defined as continuing with original therapy without switch or discontinuation. At months 3 and 6, persistence was determined by asking the patient if they had discontinued or switched their OP treatment in the previous 3 months; month 12 persistence was determined by asking the patient if they had discontinued or switched in the previous 6 months.
Participants also completed the 12-item Adherence Evaluation of Osteoporosis treatment (ADEOS) questionnaire, which is a patient-reported measure specifically designed for osteoporotic women that attempts to capture beliefs and perceptions regarding OP medications and how compliant or adherent women are to their prescribed therapy [25] . Scores calculated from the ADEOS questionnaire range from 0 to 22, with scores ≥ 20 considered to be predictive of medication adherence and scores ≤ 16 predictive of treatment discontinuation in the following period. In the current study, a score ≥ 20 was the threshold used to determine adherence in logistic regression analysis.
Statistical analysis
The count and proportion of participants experiencing GI events was calculated. At baseline, patients were stratified by user status (new vs experienced) and the type of GI event (upper vs lower). For GI events at months 3, 6, and 12, patients were stratified by baseline user status (new vs experienced).
The association between GI events and persistence was modeled by logistic regression. To examine the association between GI events and ADEOS scores, logistic regression and general linear models were employed. The reference group for all comparisons consisted of participants with no GI events either at baseline or throughout the period of analysis (month 3, month 6, or month 12). Modeling was conducted in two phases. In the first phase, a full model was run, adjusted for patient demographic and clinical characteristics at enrolment (age, body mass index [BMI]), duration of OP, duration of treatment for OP, comorbidities (including cardiac, endocrine, and GI disorders, metabolic and nutrition disorders, musculoskeletal diseases, vascular disorders, and malignant or benign neoplasms), concurrent medications, history of falls and fractures, predominant OP treatment, and occurrence of previous GI events, and included all participants for whom these variables were reported. The full model was reduced during the second phase using backward elimination, where variables were retained if their p value was ≤ 0.15.
Results
Identification of eligible participants
Of the 3334 patients enrolled, 3256 remained eligible after exclusions and 2964 were treated. Of these, 2943 completed the GI symptom report for baseline and were split into new users (672 patients, 22.8%) and experienced users (2271 patients, 77.2%). The majority of patients remained eligible and completed followup questionnaires for the duration of the study (Fig. 1) .
Frequency of GI events
At baseline, 68.1% of patients reported GI problems, with slightly more experienced users (69.2%) reporting GI problems than new users (64.6%). This varied by country, ranging from 57.8% (the Netherlands) to 75.6% (UK, data not shown). New cases of GI problems were reported at each time period (7.6% at month 3, 3.6% at month 6, 2.1% at month 12), and by month 12, over 80% of participants with completed questionnaires had reported at least one GI problem (81.5% of new users, 81.1% of experienced users; Fig. 2 ). Among those experiencing GI events at months 3, 6, and 12, 77 to 80% experienced upper GI problems while 74 to 76% experienced lower GI problems. Among patients reporting GI events at baseline, 11.7% of new users and 23.4% of experienced users reported using GI medications in the previous 12 months.
Falls and fractures
Patterns of falls and fractures among OP patients were reported at baseline and at each follow-up period. Among new users, falls were more common during the study (46.9% had at least one fall between baseline and month 12) than during the 12 months prior to study enrollment (37.4%). It is possible that the difference in frequency may reflect recall bias during the pre-study period, since minor falls may not be highly memorable, but the data do not allow us to explore this further. A total of 49.4% of new users reported a prior OP-related fracture at baseline, but only 0.8% experienced a fracture between baseline and month 12. These patterns were also observed among experienced users: falls prior to study enrollment occurred in only 21.4% of experienced users, but 38.0% fell at least once by month 12. And while almost half (49.5%) of experienced users reported an OP-related fracture prior to the study, only 2.1% experienced a fracture during the study period.
Osteoporosis treatment
The majority of patients (86.7%) were treated only with BIS at baseline. Among these patients, baseline GI events were more common among experienced users than new users (69.7 vs 63.3%, p = 0.004). However, new users of BIS at baseline experienced significantly more GI problems over the 12-month follow-up period than experienced users. The incidence of GI problems (for those without existing GI problems) at months 3, 6, and 12 for new users of BIS was 28.8, 41.1, and 46.1%, respectively, while for experienced users, those values were 21.1, 31.2, and 37.1%, respectively (all p < 0.05). Among the much smaller number of patients treated at baseline with non-BIS therapy (n = 343), baseline GI events were more common in new users than in experienced users though this difference was not statistically significant (79.6 vs 67.7%, p = 0.131). This difference was evident throughout the 12-month follow-up period. The incidence of GI problems (for those without existing GI problems) at months 3, 6, and 12 for experienced users of non-BIS therapy was 20.0, 26.3, and 33.7%, and for new users these values were 10.0, 20.0, and 20.0% (data not shown). However, the number of patients in these groups was small, and none of the differences reached statistical significance.
Persistence
Over one fourth of patients (26.1%) discontinued or switched treatment by month 12. Experienced users were more likely to continue therapy (76.1%) compared with new users (66.7%). Persistence was similar between those with and without baseline GI problems, but new users with baseline GI problems were the most likely to discontinue therapy (Fig. 3) . Overall, persistence at month 12 was higher for those treated with only BIS at baseline (76.2%) than for those treated with non-BIS (66.8%). As with the overall cohort, persistence was higher among experienced users than new users in both subgroups, although the difference in persistence between new and experienced users was numerically smaller (6.1%) among BIStreated subjects (71.0 vs 77.1%) than among non-BIStreated subjects (14.4%) (53.6 vs 68.0%). Logistic regression showed that while GI events at baseline were not significantly associated with persistence at month 12, patients with GI problems by month 6 were 39% less likely to persist with treatment at month 12 (odds ratio 
ADEOS scores
Among those who remained in the study at 12 months, 93.4% completed the ADEOS questionnaire, including 90.6% of new users and 94.1% of experienced users. For new users, the mean (SD) ADEOS total score was 17.8 (3.19) at baseline. Mean (SD) total score increased slightly at month 3 to 18.8 (2.95) and maintained at 18.8 (3.00) at month 12, with similar scores for those with and without baseline GI problems (18.5 vs 19.3) . ADEOS scores ≥ 20 were reported for 45.7% of new users with baseline GI problems and 61.7% of new users without baseline GI problems. Experienced users reported mean ADEOS total scores that were stable at all three time points (18.9 at baseline, 18.9 at month 3, and 18.7 at month 12). ADEOS scores ≥ 20 were reported for 45.5% of patients who had baseline GI problems and 53.3% of those without baseline GI problems.
Multivariate regression revealed that for the overall population, there was no statistically significant difference in ADEOS total scores at month 12 between participants that had a GI event at baseline and those that did not. However, events that occurred throughout the study had a more important effect, and those with a GI event between baseline and month 12 had a significantly lower ADEOS total score at month 12 (least-squares [LS] mean difference = − 0.72, 95% CI = [− 1.03, − 0.42], p < 0.0001, Table 2 ). Additionally, obese patients, those with falls either after enrollment or both before and after enrollment, and those with comorbidities at baseline had lower month 12 ADEOS total scores. From logistic regression, participants that reported a GI event at baseline 
Discussion
In this study, the large majority of participants reported GI events at baseline, and there were 7.6, 3.6, and 2.1% of new GI cases at months 3, 6, and 12, respectively. Participants with either baseline or newly occurring GI events had a higher risk of discontinuation and lower odds of an ADEOS score of ≥ 20 by month 12 compared with participants who never reported a GI event. Specifically, the risk of OP treatment discontinuation at month 12 was 38% higher among new users who reported a baseline GI event and 75% higher among new users who reported a GI event by month 6. The frequency of GI events observed in this study was somewhat higher than that in previously published studies. In the POSSIBLE-US study, GI events were present in about 20% of subjects at study entry and rose to 31% among new users and 26% at month 6 among stable users, with slightly lower percentages (27% of new users and 22% of stable users) at month 12 [20] . The higher rate of GI events in our study may be attributable to the length of look-back period at baseline, which was 6 months compared with Bat study entry^in POSSIBLE-US. Additionally, in the current study, the questionnaire used was specifically inquiring about GI events; while in clinical practice, providers may ask more generally about overall adverse events. The age of the patient population in this study was also older than that of those typically followed in dyspepsia studies. However, even though the frequency of GI events observed in the current study was higher than that in POSSIBLE-US, both studies demonstrate that participantreported GI events are common among women initiating or continuing OP treatment and are associated with early discontinuation of initial therapy.
It should be noted that GI events were self-reported and may not have resulted in a medical encounter. For example, heartburn and stomach upset were the most common types of upper GI events reported. These may often be treated with over-the-counter medications and therefore may not come to the attention of clinicians. Our results indicate that GI events, whether or not they required medical intervention, influence persistence and adherence to treatment. Further, they demonstrate the need for clinicians to proactively query patients on OP treatment regarding GI complaints to minimize treatment discontinuation and promote good adherence with treatment to achieve the overarching goal of fracture prevention.
In the current study, 73.9% of patients remained on their OP therapy at month 12, although the presence of a GI event at baseline, month 3, and month 6 significantly reduced month 12 persistence among new users. The POSSIBLE-US study reported a probability of persistence at 1 year of 66% [18] , and that patient-reported GI events at the time of study entry were associated with a 30% higher risk of treatment discontinuation at month 12 of the study [20] . In addition, side effects that patients attribute to OP treatment while on therapy have also been found to predict discontinuation at 1 year [18] . Participants in our study who reported GI events at month 3 but not at baseline may have attributed these events to their OP therapy, although a cause and effect relationship cannot be [26, 27] and GI events resulting in medical service claims while on therapy [21, 26, 27] have also demonstrated a higher risk of treatment discontinuation. Our results, coupled with results from previous studies, indicate that GI events, whether present at baseline or newly occurring, are associated with higher risk of initial therapy discontinuation. The occurrence of GI events among patients in our study were associated with lower odds of adherence to treatment and lower adherence scores as measured by ADEOS < 20 among participants with GI events that occurred after baseline. The mean ADEOS scores were 18.2 (out of 22), which are similar to mean scores in the ADEOS validation study of patients on oral OP treatment [25] . Although the difference in mean ADEOS scores between GI and non-GI cohorts was modest, the difference was significant, indicating that GI events appear to provide a signal of treatment non-compliance.
There are limitations to this study that should be noted. First, self-selection bias among investigators and participants who chose to participate may have yielded a more actively managed sample of participants who were also more engaged in their health. Discontinuation of the initial OP therapy and the occurrence of GI events were participant-reported and may be subject to recall bias. Additionally, the severity of GI events experienced cannot be ascertained. This study examined the association between GI events and study outcomes, but it would be inappropriate to infer causation. Finally, while outcomes were adjusted for multiple patient characteristics, there may have been other unmeasured factors which influenced the results.
The results of this study further the understanding of the impact of GI events on lower levels of adherence and persistence to OP therapy among postmenopausal women. Additional study is warranted to examine the mechanisms driving these behaviors and to establish strategies to improve patient compliance with OP medication.
